Heredity is known to play an important part in the aetiology of Type II (non-insulin-dependent) diabetes mellitus [1] . The nature of the hereditary is, however, largely unclarified except in selected families in which, in some cases, single gene mutations have been discovered which can cause diabetes.
Summary
We have investigated the association of a family history of diabetes with glucose tolerance in a population of Swedish men. All men 35±54 years of age in 1992 and living in four different local municipalities of the outer Stockholm area were screened by questionnaire. From 10 236 completed questionnaires 1622 men, selected for presence of such a history but without known diabetes, as well as 1507 men without a family history underwent an oral glucose tolerance test. Diabetes (2 h-plasma glucose levels > 11.0 mmol/l) was detected in 55 and impaired glucose tolerance (plasma glucose levels 7.8±11.0 mmol/l) in 172 subjects. The odds ratio of diabetes, associated with a family history, was 4.1, confidence interval 2.1±8.3 and for impaired glucose tolerance 1.6, confidence interval 1.2±2.3. Influence of a family history was measurable also within the range of normal 2-h glucose concentrations: compared to 2-h glucose levels < 3.8 mmol/l; the odds ratio associated with a family history was 1.4, confidence interval 1.1±1.7 and 1.3, confidence interval 1.1±1.6 for concentrations 4.8±5.7 mmol/l and 5.8±7.7 mmol/l respectively. The odds ratio of diabetes and impaired glucose tolerance among men with a family history increased with number and closeness of relatives with diabetes but was not affected by the gender of the family member. Overweight (BMI > 25.0 kg/m 2 ) increased the odds ratio of diabetes in subjects with a family history, the odds ratio being 24, confidence interval 3±177, when both conditions were present. In subjects with Type II (non-insulin-dependent) diabetes mellitus discovered during the investigation, the presence of a family history of diabetes was associated with decreased insulin secretion rather than insulin resistance as assessed by fasting insulin, homeostasis model assessment, and the 2-h insulin response to the oral glucose tolerance test. We conclude that a family history of diabetes strongly but independently of gender associates with decreased glucose tolerance. Furthermore, the results are compatible with a major role for low insulin secretion in the diabetogenic influence of a family history of diabetes in middle-aged Swedish men. Lastly, the very high risk for diabetes in middle-aged men with both a family history of diabetes and obesity indicates that such people should, for the purpose of therapeutic intervention, be identified in the general population. [Diabetologia (1999) 
42: 15±23]
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heterogeneity within and between different populations. Evolution of Type II diabetes has been extensively studied in populations with a high propensity for the disease, such as Pima Indians [2] , inhabitants of South Pacific islands [3] , or Mexican Americans [4] . The genetic background of diabetes in these populations, however, is bound to differ from that of less diabetes-prone ones which thus require separate investigation.
Studies of the impact of heredity in Type II diabetes in low-prevalence populations have been hampered by the small number of subjects with a family history of diabetes in the general population. The prevalence of diabetes in Sweden is low with 2±4 % of the population having diagnosed diabetes [5] . To circumvent the problem of the low prevalence of a family history of diabetes, we have carried out an epidemiological study in which a sample from the general population was enriched by subjects with a family history. The design of this study enabled us to assemble a sufficient number of subjects for detailed analysis of the impact of various types of family history and their relation to insulin secretion, insulin resistance and life-style risk factors, such as obesity.
In particular, the study population made it possible to analyse in detail a possible relation between a family history on maternal compared with paternal side for glucose tolerance and other diabetes-related variables in the probands. Such analysis is of special interest due to the divergent results reported. Many investigations thus show a preferential maternal effect [6±9] but others fail to do so [10] .
The main questions we tested in our study were: 1) is there a strong association between a family history of diabetes and decreased glucose tolerance in a population representative of middle-aged Swedish men?, 2) are there gender differences as to the impact of a family history on glucose tolerance, insulin sensitivity or insulin secretion or any of them?, 3) to which extent does obesity interact with family history?, 4) is family history as a diabetogenic factor associated with low insulin sensitivity or low insulin secretion or both?
Subjects and methods
Subjects. Our study was part of a large base-line epidemiological survey of middle-aged men living in four municipalities of the Stockholm area. The overriding purpose of the survey is to serve as a basis for strategy and evaluation of prevention of Type II diabetes in the Stockholm Diabetes Prevention Programme [11] .
Our study was designed as a population-based cross-sectional study. It was approved by the ethics committee of the Karolinska Hospital. It comprised a sample of men who were 35±54 years old in the year 1992. (Since data were assembled between 1992 and 1994, the actual age span of subjects at the time of data collection was 35 to 56 years). All subjects of the appropriate age who lived in the four municipalities Sigtuna, Tyresö, Värmdö and Upplands-Bro were included in the initial investigations. All four municipalities belong to the outer Stockholm area and are located between 20±40 kilometers from the city centre. The subjects to be studied were identified through the continuously updated population registry held by the Stockholm County Council which included all the inhabitants of the county.
An outline of the selection procedure is given in Figure 1 . Sampling of subjects was by two sequential procedures. In the first, a short questionnaire was sent to all men in the appropriate age group living in the four municipalities. The questionnaire asked about country of birth and presence of diabetes in the subject and among relatives. Of the 12 952 men who received the questionnaire answers were obtained from 10 236 ( 79 %). The answers showed that 258 men (2.5 %) had diabetes known to themselves and that 212 (2.1 %) were born outside Sweden. These subjects were excluded from the rest of the study.
From remaining answers, we identified 2106 men with a family history of Type II diabetes specified as follows: known diabetes in at least two second-degree relatives (grandparent, uncle or aunt) or in at least one first-degree relative in the generation of the proband (sister or brother) or the preceding generation (fathers, mothers). Subjects reporting children with diabetes were not included in the family history group because of the likelihood that their family history indicated links to Type I (insulin-dependent) diabetes mellitus rather than to Type II diabetes. We furthermore identified 3328 subjects who did not have first or second-degree relatives (including children) nor In the second procedure, all 2106 men who had given complete and positive information on their family history were contacted by telephone and asked to participate in further investigations. Along with the subjects with a family history we contacted in the same manner 2424 subjects of those without family history. The latter subjects were selected randomly within the 5 year age group of each participating subject with a family history. In total 3181 men (70.2 %) of those contacted agreed to participate.
The investigations took place at four local health care centres, one for each of the participating municipalities. The subjects to be studied reported to the local health care centre of their community in the morning (between 0700 and 0830 hours) after an overnight fast (starting at 2200 hours). Subjects were instructed to abstain from vigorous exercise in the evening before and in the morning of the investigations. Smokers were encouraged to abstain from smoking in the morning of the investigations. On arrival in the health care centre the information given by the subjects in the questionnaire on family history was first verified. As a result of this verification 52 subjects were found not to fit the family history or non-family history category and were therefore excluded from further studies. Altogether 3128 subjects constituted the final study group. In these subjects weight, height, and waisthip ratios were measured when the subjects were wearing light indoor clothing and no shoes. Blood pressure was measured in the supine position by a nurse.
Subsequent to these measures all of the 3128 subjects underwent a 75-g oral glucose tolerance test (OGTT) according to the World Health Organisation (WHO) criteria [12] . Venous blood samples were secured before and 120 min after the ingestion of glucose. Plasma samples were obtained after centrifugation and stored at minus 20°C until assays of glucose and insulin. During the OGTT the subjects were seated comfortably in calm surroundings. A detailed questionnaire which included eating habits, physical activity and social conditions was filled out at that time.
Assays. Concentrations of plasma glucose were assayed in duplicate using a glucose oxidase method and a Yellow Spring Glucose Analyser (Yellow Springs Inc., Yellow Spring, Ohio). Immunoreactive insulin (IRI) was assayed by RIA, using our own antibodies, human insulin as a standard and charcoal addition to separate antibody-bound and free insulin [13] . Proinsulin cross-reacts in this assay by about 80 %.
Calculations. Impaired glucose tolerance (IGT) and diabetes were defined according to WHO criteria, i. e. IGT was defined as a 2-h plasma glucose concentration between 7.8 and 11.0 mmol/l and diabetes above 11.0 mmol/l. In the evaluation of insulin sensitivity and secretion a homeostasis model assessment (HOMA) was included. The HOMA model is based on ratios between fasting insulin and glucose values. The model is verified against near-steady-state C-peptide or insulin responses to hyperglycaemic clamps in non-diabetic people [9] . The HOMA variables of insulin secretion and sensitivity were calculated using the previously described algorithms [14] but excluding those constants which are dependent on the particular insulin assay used. Beta-cell function by HOMA was thus calculated as insulin(mU/l)/[glucose(mmol/l) ±3.5] and resistance as insulin´glucose.
Multiple logistic regression analysis was used to obtain the odds ratios (OR), accompanied by 95 % confidence intervals (CI).Chi squared analysis was used to test for differences in distribution between insulin secretion and insulin resistance variables. All OR estimates were adjusted for age in two categories (35±45 and 46±56 years) and for BMI in three categories ( £ 24.9, 25.0±27.9 and ³ 28.0 kg/m 2 ).
Results
General characteristics of subjects with or without a family history of diabetes. General characteristics are given in Table 1 . Age was closely matched for the two groups studied. Height was slightly but statistically significantly lower in subjects with a family history. Subjects with a family history were, on average, slightly but significantly more obese than those without, whether assessed by body weight, BMI or by waist/ hip ratio (WHR). Diastolic blood pressure was slightly but statistically significantly higher in subjects with than in those without family history. Subjects who reported a diabetic mother were 1.7 years older than those with a diabetic father (Table 2). Both systolic and diastolic blood pressure was significantly higher in subjects with a diabetic mother; however this could be explained, at least in part, by the age-related increase which amounted to 5.3 mmHg for systolic and 2.0 mmHg for diastolic blood pressure during a 10 year period. This age-related increase was similar in those with a diabetic mother and a diabetic father (data not shown). In other respects there were no significant differences between the two types of family history ( Table 2) . Prevalence of diabetes and IGT in relation to number and closeness of relatives with diabetes. Diabetes was diagnosed in 55 (1.8 % of the study population ) and impaired glucose tolerance (IGT) in 172 subjects (5.5 %). When adjusted for age and BMI the OR associated with family history was 4.1 or diabetes and 1.6 for IGT (Table 3 ). The relative risk of diabetes and IGT increased with the number and closeness of relatives with diabetes. Thus, those with more than one first-degree relative with diabetes tended to have the highest OR. Table 4 compares the prevalence of IGT and diabetes in relation to gender-specific relatives. The ORs associated with female relatives did not differ from those of male relatives.
Association between a family history of diabetes and fasting plasma glucose. Within the normal range of fasting plasma glucose (i. e. < 7.8 mmol/l) there was an association between family history and plasma glucose concentrations in the upper half of normal values (Table 5 ). An association with family history was already noted in the interval of fasting glucose levels between 4.7 and 5.5 mmol/l relative to lower glucose concentrations.
Association of a family history of diabetes with 2-h glucose values in subjects with normal glucose tolerance (NGT). The mean 2-h glucose values of subjects with normal 2-h glucose values (NGT) were higher in subjects with than without a family history. The OR The OR of having 2-h glucose values in the range of 5.8±7±7 mmol/l (compared with glucose concentrations < 3.8 mmol/l) were compared in subjects with a mother compared with those with a father as a diabetic relative and found not to differ significantly (OR 1.5, CI 1.1±1.9 for mother and 1.1, CI 0.9±1.5 for father as diabetic relative).
Family history of diabetes in combination with obesity in relation to IGT and diabetes. Obesity is the most thoroughly documented risk factor for diabetes and IGT [15] ; it was therefore adjusted for in the data analysed above. We also wished to assess the interrelationship between overweight and a family history for relative risks of diabetes and IGT. Subjects were divided into those with BMI less than 25 kg/m 2 and those above. Subjects with a family history and high BMI had a mean 24-fold increased OR of diabetes compared with leanness and no family history (Fig. 2) . The association between obesity and IGT was as strong as for overt diabetes, whereas the influence of a family history appeared less pronounced (Fig. 2) .
Association of family history of diabetes with beta-cell function and insulin sensitivity. Because glucose tolerance per se is known to affect insulin release and sensitivity, we assessed the variables of insulin secretion and sensitivity in different strata of glucose tolerance as determined from the results of OGTT. Four different concentrations of glucose tolerance were defined: 2-h plasma glucose concentrations below 5.8 mmol/l, those between 5.8 and 7.7 mmol/l, IGT and diabetes.
The difference in proportion of a family history in relation to no family history for the chosen variables of insulin sensitivity and secretion are shown in Table 6. Among subjects with normal glucose tolerance, those with a family history displayed lesser sensitivity to glucose, as judged from HOMA and fasting insulin concentrations. This was in marked contrast to the subjects in whom diabetes was discovered during the investigation. In the diabetic subjects the frequency of insulin resistance was thus lower in subjects with a family history than in those without (Table 6) . Reciprocally, low insulin secretion tended to be more frequent in diabetic subjects with a family history compared with diabetic subjects without ( Table 6 ).
The corresponding analysis comparing insulin sensitivity and secretion in subjects with a diabetic mother compared with subjects with a diabetic father did not yield any significant differences (results not shown).
Discussion
To our knowledge, this is the largest study in a lowprevalence population which investigates the impact of a family history of diabetes on glucose tolerance and Type II diabetes. The study should be representative of ethnically Swedish men, since participation rate was high and subjects who were obviously not of natural Swedish origin were excluded. Our data indicate a strong and multifactorial influence of family history of diabetes at all levels on glucose tolerance in this population, without, however, evidence for a gender effect.
Several methodological questions must be answered before the results can be interpreted properly. One question pertains to the reliability of the recall procedure. Recall bias are likely to occur in subjects with known diabetes compared with non-diabetic subjects, since the former are likely to recall family history better than the latter. It was therefore an important advantage of the present study design that participating subjects were, by definition, unaware of diabetes in themselves before the investigations. Furthermore, we made considerable efforts to minimize incorrect recall. Hence, participating subjects were asked about family history on two separate occasions, first by questionnaire, then, several weeks later, by interview at the time of OGTT. More importantly, we excluded a considerable number of subjects (27 % of the primary study group) who were unable to fully account for presence or absence of diabetes among relatives. It is of course realized that these measures do not completely guarantee a correct recall. Furthermore, the error of undiagnosed diabetes in relatives of the study subjects has to be considered.
In a recent population study in Sweden the presence of undiagnosed diabetes was thus about 50 % of the frequency of known diabetes [16] . A further question arises as to the type of diabetes the subjects with diagnosed disease had. The age span investigated (35±54 years) makes it likely that most subjects in whom we diagnosed hyperglycaemia had Type II diabetes. Also the clinical follow-up of the subjects diagnosed with diabetes made this likely: all had mild diabetes and none needed insulin treatment during observation time for at least a year (results not shown).
A related question is whether a family history of diabetes pertains to Type I or Type II diabetes. To minimize inclusion of Type I diabetes in family history, we purposely excluded those of our subjects who reported children with diabetes, since family history in those instances was likely to be linked to Type I rather than to Type II diabetes. In separate analysis of the investigated subjects with a family history, we restricted the analysis to those who reported that relatives of their own or of older generations were diabetic after the age of 35. This analysis, however, yielded essentially the same results as those presented above, i. e. the relation between a family history and glucose tolerance and variables of insulin secretion or insulin resistance were not altered (results not shown).
It is important to note that we analysed family history in relation to glucose tolerance only in subjects not previously known to have diabetes. This design has advantages as well as limitations. An advantage is that relations between family history and external risk factors, such as overweight, are not influenced by therapeutic efforts and knowledge about the disease. A limitation is that the impact of family history that we observed in overt diabetes is restricted to the incidences discovered during the OGTT. One consequence of this could be that what we study here is the relation of a family history to mild cases of Type II diabetes since more severe diabetes would produce symptoms prompting investigations and earlier diagnosis. The design possibly selected against adult Type I diabetes, since this form of the disease usually presents with severe diabetes.
A fundamental problem is to ascertain whether a family history relates to heredity or to family-shared conditions, such as social class, family values, educa- Table 6 . Distribution of subjects with a family history compared with no family history of diabetes in relation to variables of insulin resistance and insulin secretion tional levels, eating habits etc. In our study, we have accounted for the influence of overweight (discussed below) which is a major risk factor that could, in part, be related to conditions during childhood and adolescence. That other factors encompassed by ªso-cial heredityº are important for the impact of a family history on IGT and diabetes is suggested by a previous study [17] . These other factors are to be explored in future analysis of our population. Another factor of potential importance is fetal environment, since it has been documented that low birth weight associates with diabetes [18] . Low height is associated with low birthweight and it is therefore interesting that in our study the height of subjects with family history was slightly, but significantly lower than in those without a family history. The possible influence of birthweight in our study population is currently under investigation. We find that family history was inversely associated with glucose tolerance over the entire range of 2-h glucose values during the OGTT. The association with a family history was thus strongest for diabetes, followed by IGT. Within the NGT range of glucose concentrations associations with family history diminished successively from higher to lower glucose values. This finding is consistent with, but does not prove, that the ªdosageº of genetic factors determines the level of glucose tolerance in a given person.
The proportion of diabetic subjects with a family history displaying low indices of insulin secretion tended to be increased relative to diabetic subjects without. Reciprocally, the proportion of diabetic subjects with a family history displaying insulin resistance was decreased relative to diabetic subjects without. These findings agree with data from a group of much older Type II diabetes subjects in the Netherlands [19] . These results suggest that the diabetogenicity of family history is linked to negative effects on insulin secretion. It is clear, however, that our data do not rule out potential influences of a family history on insulin sensitivity. In fact, subjects with a family history and normal glucose tolerance displayed signs of insulin resistance. Only a prospective follow-up study can determine the relative importance of insulin resistance and low insulin secretion for development of diabetes in our study group.
The strength of the present assessments of insulin sensitivity and secretion could be questioned on the grounds that the variables measured are crude but, although simple, they appear basically valid. At normoglycaemia raised fasting concentrations of insulin (or immunoreactive insulin) are a widely used measure of insulin resistance. Also, the HOMA analysis has been used in large prospective studies, such as the UK prospective one in Type II diabetic subjects [20] . The HOMA analysis is based on the relation between fasting insulin and glucose values [14] . To some extent at least, HOMA has been validated as to insulin sensitivity and insulin deficiency [21] . The 2-h insulin values are more difficult to interpret, since high concentrations can occur either as a result of insulin resistance or as a result of delayed stimulation of insulin secretion by glucose [22] . However, the association of a family history of diabetes with the lowest tertile of 2-h insulin concentrations at raised 2-h glucose concentrations can only be interpreted as an association with low insulin secretion.
Type II diabetic patients have raised proinsulin to insulin ratios in circulation [23] and this effect has been proposed to be genetically determined. That our RIA co-measures proinsulin with insulin could affect, to some extent, the insulin measurements in the Type II diabetic subjects but this does not explain the relation observed between insulin secretion in diabetic subjects with or without a family history of diabetes. The co-measurement of proinsulin is not likely to add to insulin measurements to a major extent in remaining subjects, since the percentage of fasting proinsulin in relation to insulin is low (below 15 %) [23, 24] .
Diabetes in the mother as compared with diabetes in the father was found previously to increase Type II diabetes in the offspring of animals [25] and man [6±9, 26] . This association has been proposed to be due to influences of maternal diabetes on the foetus. A preferential association of non-insulin-dependent diabetes in the offspring with maternal compared with paternal inheritance was also seen, however, when diabetes in the mother was apparent only after the pregnancy. Mutations in mitochondrial genes [27] could give rise to such an association as could, at least theoretically, genetic imprinting. The notion of a preferential impact of the mother's diabetes occurring after pregnancy is, however, controversial as one study failed to document an association between maternal diabetes and diabetes in male Caucasian offspring [10] .
In our population we did not observe any association between a family history of diabetes and gender, nor specifically between family history in mother compared with father. Neither did we detect an influence of maternal diabetes on obesity-related variables in our subjects. The reasons for discrepancies between different studies are not known. It seems possible that a putative maternal influence could give rise to diabetes of early onset and of such severity as to be detected before the 35±54 year age of our population. It should also be noted that the maternal association was, in one study, strongest for patients who were considerably older than our subjects [7] .
Obesity is the strongest non-hereditary risk factor for Type II diabetes [1, 15] . Our results show added effects between a family history and obesity for risk of diabetes. Such effects have also been observed previously [28] but not, as in our study, in a subject sample drawn from the general population. Interestingly, the obesity-associated relative risk for IGT was similar to the OR for diabetes, whereas the OR conferred by a family history was stronger for diabetes than for IGT. These observations could indicate that moderate obesity per se is sufficient to cause IGT but that additional, hereditary, factors are needed to cause diabetes.
The association between a family history and diabetes was very strong in our study. One reason for this could be the exclusion of even a minor family history (such as third degree relatives) from the control (no family history) group as well as all subjects who were unable to give complete information on family history. In this way we have minimized (but not excluded) the presence of undiagnosed family history in the non-family history group. Another reason for the strong association could be due to the relatively young age at which diabetes was discovered in our subjects. The aging process is known to involve both a decrease in insulin sensitivity and in insulin secretion [29] . If the sum of negative hereditary and non-hereditary factors determine onset of diabetes, then more hereditary factors are needed for diabetes debut at a younger than at an older age. Experimental studies support this notion [30] . On follow-up of this cohort we would then expect new cases of diabetes to display a weaker association with a family history than the subjects in whom diabetes was presently discovered.
Finally, our results imply that middle-aged men with both a family history and obesity should be screened in the general population. This is because of the very high risk of unrecognized diabetes that we found in such subjects and the possibility of therapeutic intervention. As shown here, such screening can easily be done by a short postal questionnaire.
In summary, the present study has shown a strong effect of a family history of diabetes on glucose tolerance. The effect is graded as to number and closeness of relatives. The impact of a family history on glucose tolerance is a continuous variable, being strongest for diabetes, less strong for IGT but detectable also in a higher strata within the normal range of 2-h postglucose values. No differences were seen between a family history on maternal and paternal side as to OR for decreased glucose tolerance or diabetes-related variables. The data also indicate that diabetogenic heredity in a Swedish population includes as a major component a decreased capacity for insulin secretion. Lastly, the synergy shown between heredity and obesity as risk factors emphasize the need for interventive efforts to prevent diabetes in subjects displaying both obesity and a family history of diabetes.
